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DESCRIPTION 

TEMPERATURE -COMPENSATED PIEZOELECTRIC OSCILLATOR AND 
ELECTRONIC APPARATUS INCLUDING THE SAME 
Technical Field 

The present invention relates to piezoelectric 
oscillators, and more particularly, to a temperature- 
compensated piezoelectric oscillator that compensates for an 
oscillation frequency in accordance with an ambient 
temperature and to an electronic apparatus including the 
temperature-compensated piezoelectric oscillator. 
Background Art 

In general, piezoelectric oscillators include a 
piezoelectric element, such as a crystal strip, that 
resonates at a predetermined frequency in accordance with an 
applied voltage and an amplifying circuit for amplifying a 
resonant signal by the piezoelectric element and for 
outputting the amplified resonant signal. The resonant 
frequency of the piezoelectric element, such as a crystal 
strip, is dependent on the temperature. Thus, even if the 
same voltage is applied, the resonant frequency is changed 
depending on the temperature of the element. 

In order to solve this problem, a plurality of 
temperature-compensated piezoelectric oscillators including 
a variable capacitance element, such as a varactor diode, 
that is connected to a piezoelectric element and a 
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temperature compensation voltage generation circuit for 
changing a voltage applied to the variable capacitance 
element in accordance with the ambient temperature is 
suggested (for example, see Patent Document 1 , Patent 
Document 2, and Patent Document 3). 

In such temperature-compensated piezoelectric 
oscillators, a resonant frequency depends on a combined 

capacitance of a piezoelectric element and a variable 

i 

capacitance element. Adjusting a voltage applied to the 
variable capacitance element changes the capacitance of the 
variable capacitance element. As a result, the combined 
capacitance is changed, and the resonant frequency is 
changed. By setting the amount of change in the resonant 
frequency to compensate for the amount of change in the 
resonant frequency due to the temperature of the 
piezoelectric element, a temperature-compensated 
piezoelectric oscillator that outputs a high-frequency 
signal having a constant resonant frequency without being 
affected by the ambient temperature can be constructed. 
Patent Document 1 : Japanese Unexamined Patent Application 
Publication No. 2002-135053 

Patent Document 2: Japanese Unexamined Patent Application 
Publication No. 2002-76773 

Patent Document 3: Japanese Unexamined Patent Application 
Publication No. 6-224635 
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Disclosure of Invention 

In each of the known temperature-compensated 
piezoelectric oscillators, an output voltage from a 
temperature compensation voltage generation circuit is 
applied to one end of a variable capacitance element (for 
example, a varactor diode) , and the other end of the 
variable capacitance element is grounded or set to a 
constant voltage. 

Such a temperature-compensated piezoelectric oscillator 
is installed in a mobile communication apparatus or the like 
and is used as a reference signal source. In recent years, 
a reduction in the voltage has been required for mobile 
communication apparatuses. In accordance with this 
reduction, a reduction in the voltage has also been required 
for temperature-compensated piezoelectric oscillators, which 
are reference signal sources. 

Known temperature compensation voltage generation 
circuits include a thermistor, which is a thermo-sensitive 
element, as described in the above-mentioned patent 
documents. Applying a low voltage to the circuit generates 
an output voltage corresponding to the temperature, and the 
voltage is supplied to a variable capacitance element. 
Normally, due to simplification of the circuit or the like, 
a power supply voltage of the temperature-compensated 
piezoelectric oscillator is used as a voltage source for 
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supplying the low voltage to the temperature compensation 
voltage generation circuit. 

Thus, as described above, in accordance with the 
reduction in the voltage in the temperature-compensated 
piezoelectric oscillator, the voltage supplied to the 
temperature compensation voltage generation circuit is 
reduced. As a result, an output voltage, that is, the 
maximum value of the voltage supplied to the variable 
capacitance element is reduced. Thus, the range of the 
voltage applied to the variable capacitance element is 
reduced, and the range of a possible change in the 
capacitance is reduced. 

In contrast, although the resonant frequency of a 
piezoelectric element, such as a quartz crystal resonator, 
depends on a change in the temperature, the resonant 
frequency does not depend on the applied voltage. Thus, 
even if the voltage of the temperature-compensated 
piezoelectric oscillator is reduced, the amount of change in 
the resonant frequency with respect to a change in the 
temperature does not change. 

Accordingly, a sufficient temperature compensation for 
the resonant frequency of the piezoelectric element may not 
be achieved in the range of the voltage generated from the 
temperature compensation voltage generation circuit. 

An object of the present invention is to provide a 
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temperature-compensated piezoelectric oscillator that 
ensures temperature compensation and that outputs a high- 
frequency signal having a constant resonant frequency even 
if a power supply voltage is low, and an electronic 
apparatus including the temperature-compensated 
piezoelectric oscillator . 

According to an aspect of the present invention, in a 
temperature-compensated piezoelectric oscillator including a 
piezoelectric element, an amplifying circuit connected to 
one end of the piezoelectric element, a variable capacitance 
element connected the other end of the piezoelectric element, 
and compensation voltage generation means for applying a 
voltage corresponding to a temperature to the variable 
capacitance element, the compensation voltage generation 
means includes first voltage generation means for applying 
to one end of the variable capacitance element a first 
voltage that is variable depending on an ambient temperature 
and second voltage generation means for applying to the 
other end of the variable capacitance element a second 
voltage that is variable depending on the ambient 
temperature in a direction opposite to the first voltage. 

With this structure, a voltage that is variable 
depending on the ambient temperature and that is in 
accordance with a potential difference between the first 
voltage generated by the first voltage generation means and 
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the second voltage generated by the second voltage 
generation means is applied to the variable capacitance 
element connected to the piezoelectric element. Thus, by 
setting the range of a possible voltage generated by the 
first voltage generation means to be different from the 
range of a possible voltage generated by the second voltage 
generation means, a voltage changing depending on the 
temperature in a wider voltage range can be applied to the 
variable capacitance element, compared with a case where one 
end of the variable capacitance element is set at a constant 
voltage. Accordingly, a possible capacitance range of the 
variable capacitance element is increased, and the 
capacitance changes depending on the ambient temperature. 
As a result, even if a power supply voltage is reduced, a 
possible capacitance range is not reduced, and the 
capacitance greatly changes depending on the temperature in 
the capacitance range. By setting the amount of change in 
the capacitance due to the temperature to correspond to the 
amount of change in the resonant frequency due to the 
temperature of the piezoelectric element, the resonant 
frequency of a resonant circuit including the piezoelectric 
element and the variable capacitance element can be 
compensated for. 

Also, each of the first and second voltage generation 
means includes at least one thermo-sensi t ive element and a 
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plurality of resistance elements. 

Also, the thermo-sensi tive element is a thermistor. 

With this structure, each of the first and second 
voltage generation means, which applies a voltage to the 
variable capacitance element, is formed by a simple analog 
network including the thermistor and the resistors. 

Also, the temperature-compensated piezoelectric 
oscillator further includes temperature compensation data 
generation means for detecting the ambient temperature and 
for generating temperature compensation data corresponding 
to the detected temperature. Each of the first and second 
voltage generation means includes DA conversion means for 
converting the temperature compensation data in a digital 
format into an analog signal. 

With this structure, the temperature compensation data 
generation means stores in advance temperature compensation 
data corresponding to a detected temperature, and the 
temperature compensation data corresponding to the detected 
temperature is output to each of the first and second 
voltage generation means. Each of the first and second 
voltage generation means converts the temperature 
compensation data in the digital format into a voltage 
signal in an analog format, and applies the voltage signal 
to the variable capacitance element. The capacitance of the 
variable capacitance element changes in accordance with a 
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potential difference between the voltage signal applied from 
the first voltage generation means and the voltage signal 
applied from the second voltage generation means. Since the 
temperature compensation data corresponds to the amount of 
change in the resonant frequency due to the temperature of 
the piezoelectric element, the resonant frequency of the 
resonant circuit including the piezoelectric element and the 
variable capacitance element can be appropriately 
compensated for. 

Also, the piezoelectric element is an AT-cut quartz 
crystal resonator . 

Also, the variable capacitance element is a variable 
capacitance diode (varactor diode) . 

Also, according to an aspect of the present invention, 
an electronic apparatus includes the above-described 
temperature-compensated piezoelectric oscillator . 

As described above, according to the present invention, 
voltages that are variable depending on the temperature in 
opposite directions from each other are applied from 
corresponding voltage applying means to corresponding ends 
of the variable capacitance element, which affects the 
oscillation frequency. Thus, a temperature-compensated 
piezoelectric oscillator that ensures temperature 
compensation of an oscillation frequency and that outputs a 
high-frequency signal whose oscillation frequency does not 
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depend on the temperature even if the power supply voltage 
is low can be constructed. 

Also, according to the present invention, since each of 
the circuits for generating a temperature compensation 
voltage is formed by a simple analog circuit only including 
a thermistor and resistors. Thus, a simple structure of the 
temperature-compensated piezoelectric oscillator can be 
achieved. 

Also, according to the present invention, temperature 
compensation data corresponding to the ambient temperature 
is stored in advance and is input to different DA conversion 
circuits to be converted into voltage signals, and the 
voltage signals are applied to ends of the variable 
capacitance element. Thus, a temperature-compensated 
piezoelectric oscillator that ensures temperature 
compensation of an oscillation frequency and that outputs a 
high-frequency signal whose oscillation frequency does not 
depend on the temperature even if the power supply voltage 
is low can be constructed. 

Also, according to the present invention, by providing 
the temperature-compensated piezoelectric oscillator, an 
electronic apparatus stably operating at a low power supply 
voltage without being affected by the ambient temperature 
and the operating temperature can be constructed. 
Brief Description of the Drawings 
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[Fig. 1] . Fig. 1 is an equivalent circuit diagram showing 
the structure of a temperature-compensated piezoelectric 
oscillator according to a first embodiment. 
[Fig. 2] Fig. 2 includes a graph showing the temperature 
dependency of a temperature compensation output voltage 
(potential difference) of a temperature compensation voltage 
generation circuit in the temperature-compensated 
piezoelectric oscillator shown in Fig. 1 , a graph showing 
the temperature dependency of a temperature compensation 
output voltage of a temperature compensation voltage 
generation circuit in a known temperature-compensated 
piezoelectric oscillator, and an equivalent circuit diagram 
showing the temperature compensation voltage generation 
circuit in the known temperature-compensated piezoelectric 
oscillator. 

[Fig. 3] Fig. 3 is an equivalent circuit diagram of a 
temperature-compensated piezoelectric oscillator according 
to a second embodiment . 

[Fig. 4] Fig. 4 is an equivalent circuit diagram of a 
temperature-compensated piezoelectric oscillator according 
to a third embodiment. 

[Fig. 5] Fig. 5 is a graph showing the temperature 
dependency of a temperature compensation output voltage 
(potential difference) of a temperature compensation voltage 
generation circuit in the temperature-compensated 
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piezoelectric oscillator shown in Fig. 4. 
[Fig. 6] Fig. 6 is an equivalent circuit diagram of a 
temperature-compensated piezoelectric oscillator according 
to a fourth embodiment. 

[Fig. 7] Fig. 7 is a graph showing the applied voltage 
characteristics of the capacitance of a varactor diode VD . 
[Fig. 8] Fig. 8 is a graph showing the temperature 
dependency of a temperature compensation output voltage 
(potential difference) of a temperature compensation voltage 
generation circuit of the temperature-compensated 
piezoelectric oscillator shown in Fig. 6. 

[Fig. 9] Fig. 9 is a block diagram showing a communication 
apparatus, which is an example of an electronic apparatus. 
Best Mode for Carrying Out the Invention 

A temperature-compensated piezoelectric oscillator 
according to a first embodiment of the present invention 
will be described with reference to Figs. 1 and 2. 

Fig. 1 is an equivalent circuit diagram of the 
temperature-compensated piezoelectric oscillator according 
to this embodiment. 

As shown in Fig. 1 , the temperature-compensated 
piezoelectric oscillator includes an AT-cut quartz crystal 
resonator (hereinafter, simply referred to as a "quartz 
crystal resonator") XD, which is a piezoelectric element; an 
amplifying circuit 3 connected to one end of the quartz 



crystal resonator XD; a varactor diode VD, which is a 
variable capacitance element, connected the other end of the 
quartz crystal resonator XD; and a temperature compensation 
voltage generation circuit 10. Two outputs from the 
temperature compensation voltage generation circuit 10 are 
connected to ends of the varactor diode VD via resistors R1 1 
and R12, respectively. 

The temperature compensation voltage generation circuit 
10 includes a first voltage generation circuit 1 connected 
to the resistor R1 1 and a second voltage generation circuit 
2 connected to the resistor R1 2 . Each of the first and 
second voltage generation circuits 1 and 2 is connected to a 
power supply voltage (Vcc) terminal 4 and is grounded. 

The first voltage generation circuit 1 includes a 
parallel circuit connected to the Vcc terminal 4 and 
including a resistor R1 and a thermistor TH1 , which is a 
thermo-sensitive element; a resistor R3; and a thermistor 
TH3. The resistor R3 and the thermistor TH3 are connected 
in series with the parallel circuit, and one end of the 
thermistor TH3 is grounded. Also, the connection point of 
the resistor R3 and the parallel circuit, which includes the 
resistor R1 and the thermistor TH1 , is connected to the 
cathode of the varactor diode VD via the resistor R1 1 . 

The second voltage generation circuit 2 includes a 
parallel circuit connected to the Vcc terminal 4 and 
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including a resistor R2 and a thermistor TH2, which is a 
thermo-sensitive element; and a resistor R4 . The resistor 
R4 is connected in series with the parallel circuit, and one 
end of the resistor R4 is grounded. Also, the connection 
point of the resistor R4 and the parallel circuit, which 
includes the resistor R2 and the thermistor TH2 , is 
connected to the anode of the varactor diode VD via the 
resistor R1 2 . 

The anode of the varactor diode VD is connected to the 
quartz crystal resonator XD. The cathode of the varactor 
diode VD is grounded via a high-frequency by-pass capacitor 
C1 . 

The base of an NPN transistor Tr in the amplifying 
circuit 3 is connected to the quartz crystal resonator XD, 
the collector of the transistor Tr is connected to the Vcc 
terminal 4 via a resistor R22, and the emitter of the 
transistor Tr is grounded via a resistor R23 and a capacitor 
C12. Also, a feedback capacitor C1 1 is connected between 
the emitter and the base of the transistor Tr . A resistor 
R21 for supplying a bias current is connected between the 
base of the transistor Tr and the Vcc terminal 4. Also, the 
collector of the transistor Tr is connected to an output 
terminal 5 via a capacitor C1 4 . . Also, the Vcc terminal 4 is 
RF-grounded via a capacitor C13. As a result, the 
transistor Tr has a negative resistance at a resonant 
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frequency of the quartz crystal resonator XD. 

The first voltage generation circuit 1 of the 
temperature compensation voltage generation circuit 10 
applies a voltage signal that divides a power supply voltage 
Vcc with a division ratio between the parallel circuit 
including the resistor R1 and the thermistor TH1 and the 
series circuit including the resistor R3 and the thermistor 
TH3 to the cathode of the varactor diode VD via the resistor 
R1 1 . In contrast, the second voltage generation circuit 2 
applies a voltage signal that divides the power supply 
voltage Vcc with a division ratio between the resistor R4 
and the parallel circuit including the resistor R2 and the 
thermistor TH2 to the anode of the varactor diode VD via the 
resistor R1 2 . 

The varactor diode VD functions as a capacitance 
element whose capacitance changes in accordance with a 
potential difference between the voltage from the second 
voltage generation circuit 2 and the voltage from the first 
voltage generation circuit 1 . 

An AT-cut quartz crystal resonator is used as the 
quartz crystal resonator XD. The resonant frequency of the 
quartz crystal resonator XD changes based on a cubic 
function with respect to the ambient temperature. Also, the 
capacitance of the quartz crystal resonator XD, the 
capacitance of the varactor diode VD, and the capacitance of 
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the capacitor C1 constitute a resonant circuit. The quartz 
crystal resonator XD resonates at a resonant frequency 
corresponding to a combined capacitance of these elements, 
together with the amplifying circuit 3. 

The transistor Tr of the amplifying circuit 3 operates 
at the power supply voltage Vcc, oscillates together with 
the above-mentioned resonant circuit, and outputs an 
oscillation signal to the output terminal 5. 

In accordance with a change in the ambient temperature, 
the voltage level of a voltage signal output from the first 
voltage generation circuit 1 and the voltage level of a 
voltage signal output from the second voltage generation 
circuit 2 are changed. 

Fig. 2(a) is a graph showing the temperature dependency 
of a temperature compensation output voltage (potential 
difference), that is, a voltage applied between the cathode 
and the anode of the varactor diode VD, of the temperature 
compensation voltage generation circuit in the temperature- 
compensated piezoelectric oscillator shown in Fig. 1. Fig. 
2(b) is a graph showing the temperature dependency of a 
temperature compensation output voltage, that is, a voltage 
applied between the cathode and the anode of a varactor 
diode VD, of a temperature compensation voltage generation 
circuit in a known temperature-compensated piezoelectric 
oscillator. Fig. 2(c) is an equivalent circuit diagram of 
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the temperature compensation voltage generation circuit in 
the known temperature-compensated piezoelectric oscillator. 
Fig. 2(a) shows simulation results in a case where, in. Fig. 
1, the resistances of the resistors are set as: R1 = 30 kft, 
R2 = 20 kft, R3 = 1 kQ , and R4 = 1 kft, where the resistance ' s 
of the thermistors at 25°C are set as: TH1 = 2.31 kft, TH2 = 
46.2 kft, and TH3 = 462 ft, where the B constant of each of 
the thermistors is set to about between 3000 and 4000, and 
where Vcc is set to 3V. Also, Fig. 2(b) shows emulation 
results in a case where, in Fig. 2(c), the resistances of 
the resistors are set as: R01 = 30 kft, R02 = 10 kft, and R03 
= 10 kft, where the resistances of the thermistors at 25°C 
are set as: TH1 = 18.5 kft, TH2 = 1. 24 kft, and TH3 = 201kft, 
where the B constant of each of the thermistors is set to 
between 3000 and 4000, and where Vcc is set to 3V. 

Accordingly, as shown in Fig. 2, even if the same power 
supply voltage Vcc is supplied, the use of the temperature 
compensation voltage generation circuit according to this 
embodiment increases the range of an output potential 
difference to about 1.2 V, compared with the range of the 
output potential difference, which is about 0.7 v, in the 
known example. In other words, even if a power supply 
voltage Vcc is low, a reduction in the range of the voltage 
(potential difference) applied to a varactor diode is 
suppressed. This is because that two output voltages from 
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the temperature compensation voltage generation circuit 1 0 
vary in opposite directions from each other at least in a 
part of a temperature range. 

Since the varactor diode VD functions as a capacitance 
element whose capacitance is in accordance with the above- 
described potential difference, a wider range of capacitance 
than the known example can be achieved. In other words, the 
above-described structure of the temperature compensation 
voltage generation circuit suppresses a reduction in the 
range of the capacitance of the varactor diode VD even if 
the power supply voltage is low. 

Consequently, the combined capacitance of the resonant 
circuit including the quartz crystal resonator XD, the 
varactor diode VD, and the capacitor C1 greatly changes, and 
the changed combined capacitance operates so as to greatly 
change the resonant frequency of the resonant circuit. 

In contrast, since the quartz crystal resonator XD 
originally has temperature dependency, the resonant 
frequency changes in accordance with a change in the ambient 
temperature, as described above. 

The resistors and the thermistors of the temperature 
compensation voltage generation circuit are set in advance 
such that the amount of change in the resonant frequency due 
to the amount of change in the capacitance of the varactor 
diode VD and the amount of change in the resonant frequency 
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due to a change in the temperature of the quartz crystal 
resonator XD compensate for each other. Thus, even if the. 
power supply voltage is low, the change in the resonant 
frequency can be suppressed. In other words, a high- 
frequency signal having a stable oscillation frequency 
without depending on the ambient temperature can be output. 

A temperature-compensated piezoelectric oscillator 
according to a second embodiment will be described with 
reference to Fig. 3. Fig. 3 is an equivalent circuit 
diagram of the temperature-compensated piezoelectric 
oscillator according to this embodiment. 

As shown in Fig. 3, the temperature-compensated 
piezoelectric oscillator includes a quartz crystal resonator 
XD; an amplifying circuit 30 including the quartz crystal 
resonator XD; a varactor diode VD, which is a variable 
capacitance element, connected to the quartz crystal 
resonator XD via a capacitor C32; and a temperature 
compensation voltage generation circuit 1 1 . Two outputs 
from the temperature compensation voltage generation circuit 
1 1 are connected to ends of the varactor diode VD via low 
pass filters LPF34 and LPF35, respectively. 

The temperature compensation voltage generation circuit 
11 includes a first DA converter 32 connected to the low 
pass filter LPF35 and a second DA converter 33 connected to 
the low pass filter LPF34. Each of the first DA converter 
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32 and the second DA converter 33 is connected to a driving 
voltage (Vdd) terminal 4'. Also, each of the first DA 
converter 32 and the second DA converter 33 is connected to 
a temperature compensation data controller 31 and is 
grounded (Vss) . 

The anode of the varactor diode VD is connected to the 
quartz crystal resonator XD of the amplifying circuit 30 via 
the capacitor C32 and is connected to the low pass filter 
LPF34. The cathode of the varactor diode VD is grounded via 
a high-frequency by-pass capacitor C1 and is connected to 
the low pass filter LPF35. 

In the amplifying circuit 30, the quartz crystal 
resonator XD, an inverter 36, and a resistor R30 are 
connected in parallel with each other. The parallel 
connection points are grounded via capacitors C33 and C34, 
respectively. Also, an output side of the amplifying 
circuit 30 (an output side of the inverter 36) is connected 
to an output terminal 5. Here, the above-mentioned Vdd and 
Vss are used as power, sources for an IC including the 
inverter 36 . 

The temperature compensation data controller 31 stores 
temperature compensation data corresponding to the ambient 
temperature in a memory in advance. The temperature 
compensation data controller 31 reads the temperature 
compensation data 4 from the memory in accordance with a 
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temperature detected by a temperature detection unit, and 
outputs the temperature compensation data to the DA 
converter 32 and the DA converter 33. The temperature 
compensation data determines a voltage (potential 
difference) to be applied to the ends of the varactor diode 
VD in accordance with the temperature dependency of the 
resonant frequency of the quartz crystal resonator XD in the 
amplifying circuit 30, and data to be output to the DA 
converter 32 and data to be output to the DA converter 33 
are stored. 

When the temperature compensation data controller 31 
outputs temperature compensation data corresponding to a 
detected temperature to the DA converter 32 and the DA 
converter 33 of the temperature compensation voltage 
generation circuit 1 1 , the DA converter 32 and the DA 
converter 33 digital-to-analog convert the corresponding 
temperature compensation data, and output the converted 
temperature compensation data as voltage signals in an 
analog format. These voltage signals are applied to the 
ends of the varactor diode VD via the low pass filters LPF34 
and LPF35, respectively. 

The capacitance of the varactor diode VD changes in 
accordance with a difference (potential difference) between 
the voltage signal from the DA converter 33 and the voltage 
signal from the DA converter 32, and functions as a 



capacitance element. 

An AT-cut crystal strip is used as the quartz crystal 
resonator XD of the amplifying circuit 30. The resonant 
frequency of the quartz crystal resonator XD changes based 
on a cubic function with respect to the ambient temperature. 
Since the resonant frequency is affected by the capacitance 
of the varactor diode, changing the capacitance in 
accordance with a temperature suppresses a variation in the 
resonant frequency due to the ambient temperature. In other 
words, temperature compensation data stored in advance in 
the temperature compensation data controller 31 is set such 
that a variation in the resonant frequency of the quartz 
crystal resonator XD is suppressed by the capacitance of the 
varactor diode VD in accordance with a detected temperature. 
Thus, a high-frequency signal having a constant oscillation 
frequency without depending on the temperature can be output. 

Although the low pass filters LPF34 and LPF35 are 
provided at the output sides of the DA converter 32 and the 
DA converter 33 in this embodiment, the low pass filters 
LPF34 and LPF35 may be omitted. 

A temperature-compensated piezoelectric oscillator 
according to a third embodiment will be described with 
reference to Figs. 4 and 5. 

Fig. 4 is an equivalent circuit diagram of the 
temperature-compensated piezoelectric oscillator according 
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to this embodiment. 

The temperature-compensated piezoelectric oscillator 
shown in Fig. 4 has the same structure as the temperature- 
compensated piezoelectric oscillator shown in Fig. 1 with 
the exception that the first voltage generation circuit 1 of 
the temperature-compensated piezoelectric oscillator shown 
in Fig. 1 is replaced with a first voltage generation 
circuit 1 ' . In the first voltage generation circuit 1 ' , the 
thermistor TH3 of the first voltage generation circuit 1 
shown in Fig. 1 is omitted. 

Fig. 5 is a graph showing the temperature dependency of 
a temperature compensation output voltage (potential 
difference) of the temperature compensation voltage 
generation circuit of the temperature-compensated 
piezoelectric oscillator shown in Fig. 4. Fig. 5 shows 
simulation results in a case where, in Fig. 4, the 
resistances of the resistors are set as: R1 = 50 k£2, R2 = 
100 k£"2, R3 = 20 kft, and R4 = 1 kfi, where the resistances of 
the thermistors at 25°C are set as: TH1 = 2.31 kQ and TH2 = 
46.2 kQ, where the B constant of each of the thermistors is 
set to about between 3000 and 4000, and where Vcc is set to 
3V. 

Accordingly, the circuit structure shown in Fig. 4 
allows a voltage (potential difference) applied to the 
varactor diode VD to be in a curve that approximates to the 
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cubic function. Thus, almost all of the variation in the 
resonant frequency of the quartz crystal resonator can be 
compensated for. 

Consequently, a temperature-compensated piezoelectric 
oscillator that outputs a high-frequency signal having an 
approximately constant oscillation frequency without 
depending on the ambient temperature can be arranged with a 
simpler structure . 

A temperature-compensated piezoelectric oscillator 
according to a fourth embodiment will be described with 
reference to Figs. 6 to 8. 

Fig. 6 is an equivalent circuit diagram of the 
temperature-compensated piezoelectric oscillator according 
to this embodiment. 

The temperature-compensated piezoelectric oscillator 
shown in Fig. 6 has the same structure as the temperature- 
compensated piezoelectric oscillator shown in Fig. 4 with 
the exception that the second voltage generation circuit 2 
of the temperature-compensated piezoelectric oscillator 
shown in Fig. 4 is replaced with a second voltage generation 
circuit 2'. In the second voltage generation circuit 2', 
the Vcc terminal 4 is connected to the resistor R4 , the 
resistor R4 is connected to the parallel circuit including 
the thermistor TH2 and the resistor R2, and one end of the 
parallel circuit is grounded. Also, the connection point of 
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the resistor R4 and the parallel circuit is connected to the 
varactor diode VD via the resistor R1 2 . 

With this structure, due to the combination of settings 
of the element values (impedances) of the elements (the 
resistors R1 to R4 and the thermistors TH1 and TH2) and the 
B constants of the thermistors in a temperature compensation 
voltage generation circuit 13, a negative voltage (a forward 
bias voltage in terms of the diode) can be applied to the 
varactor diode VD. 

Fig. 7 is a graph showing the applied voltage 
characteristics of the capacitance of the varactor diode VD. 
In this graph, the forward direction of the applied voltage 
represents a negative direction in terms of the diode 
characteristics. As shown in this graph, the capacitance of 
the varactor diode VD increases as the applied voltage is 
reduced to a negative voltage. This capacitance increases 
until it reaches a voltage Vf at which a current starts to 
flow in the diode. 

Fig. 8 is a graph showing the temperature dependency of 
a temperature compensation output voltage (potential 
difference) of the temperature compensation voltage 
generation circuit of the temperature-compensated 
piezoelectric oscillator shown in Fig. 6. Fig. 8 shows 
simulation results in a case where, in Fig. 6, the 
resistances of the resistors are set as: R1 = 50 ktl, R2 = 20 
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kf2, R3 = 20 kfi, and R4 = 20 kQ, where the resistances of 
the thermistors at 25°C are set as: TH1 = 23.1 kQ and TH2 = 
37.0 kQ, where the B constant of each of the thermistors is 
set to about between 3000 and 4000, and where Vcc is set to 
3V. 

Accordingly, the circuit structure shown in Fig. 6 
allows a voltage (potential difference) applied to the 
varactor diode VD to be in a curve that approximates to the 
cubic function, and increases the range of the voltage 
(potential difference) applied to the varactor diode VD. 
Thus, almost all of the variation in the resonant frequency 
can be compensated for even if a quartz crystal resonator • 
highly dependent on the temperature, that is, a quartz 
crystal resonator whose resonant frequency greatly changes 
depending on the ambient temperature is used. 

Consequently, a temperature-compensated piezoelectric 
oscillator that outputs a high-frequency signal having an 
approximately constant oscillation frequency without 
depending on the ambient temperature can be constructed. 

Although a temperature-compensated piezoelectric 
oscillator including a Colpitts oscillation circuit and an 
inverter oscillation circuit has been explained in each of 
the foregoing embodiments, similar advantages can be 
achieved by using an oscillation circuit, such as a Hartley 
oscillation circuit, a Pierce oscillation circuit, or a 
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Clapp oscillation circuit. Also, although the oscillation 
circuit including a bipolar transistor has been explained, a 
field-effect transistor may be used. In addition, similar 
advantages can be achieved by using an oscillation circuit 
including a logic element, such as a C-MOS . Also, similar 
advantages can be achieved by inserting circuit elements, 
such as a capacitor and an inductor, in the temperature 
compensation voltage generation circuit shown in each of the 
foregoing embodiments. Also, the piezoelectric element is 
not limited to a quartz crystal resonator. Similar 
advantages can be achieved by using a surface acoustic wave 
resonator, a ceramic resonator using bulk resonance, a 
lithium tantalate resonator, or lithium niobate resonator. 

An electronic apparatus according to a fifth embodiment 

will be described with reference to Fig. 9. 

i 

Fig. 9 is a block diagram showing a communication 
apparatus, which is an example of an electronic apparatus. 

As shown in Fig. 9, a communication apparatus 90 
includes an antenna 901, a duplexer 902, amplifiers 903a and 
903b, mixers 904a and 904b, a voltage control oscillator 905, 
a PLL circuit 906, a low pass filter 907, a temperature- 
compensated piezoelectric oscillator 910 according to the 
present invention, a modulator Tx, and a demodulator Rx. 

The PLL circuit 906 receives an output signal from the 
voltage control oscillator 905, compares the phase of the 



output signal with a division signal of an oscillation 
signal of the temperature-compensated piezoelectric 
oscillator 910, and outputs a control voltage such that the 
voltage control oscillator 905 has a predetermined frequency. 

The voltage control oscillator 905 receives the control 
voltage at a control terminal via the low pass filter 907, 
and outputs a high-frequency signal corresponding to the 
control voltage. The high-frequency signal is given to each 
of the mixers 904a and 904b as a local oscillation signal. 

The mixer 904a mixes an intermediate frequency signal 
and a local oscillation signal output from the modulator Tx, 
and converts the mixed signal into a transmission signal. 
The transmission signal is amplified by the amplifier 903a, 
and is emitted from the antenna 901 via the duplexer 902. 

The reception signal received at the antenna 901 is 
amplified by the amplifier 903b via the duplexer 902. The 
mixer 904b mixes the reception signal amplified by the 
amplifier 903b and the local oscillation signal from the 
voltage control oscillator 905, and converts the mixed 
signal into an intermediate frequency signal. The 
intermediate frequency signal is detected by the demodulator 
Rx. 

As described above, the use of the temperature- 
compensated piezoelectric oscillator 910 shown in each of 
the foregoing embodiments achieves a compact communication 
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apparatus having excellent communication characteristics. 
Although the communication apparatus 90 has been explained 
as an electronic apparatus including the temperature- 
compensated piezoelectric oscillator according to the 
present invention, the electronic apparatus according to the 
present invention is not limited to a communication 
apparatus . 



